Background Intellectual disabilities often create a state of chronic stress for both the person concerned and their significant others (family, caregivers). The development of stress management methods is therefore important for the reduction of stress in persons with intellectual disability. The aim of this experiment was to investigate the effect of slow-paced breathing on stress symptoms experienced by adolescents with intellectual disabilities during a cognitive task under time pressure. Method Fourteen adolescents with intellectual disabilities (M age = 17.39 years, range 15-19 years) took part in two laboratory sessions -a slow-paced breathing session (experimental condition) and an audiobook session (control condition) -the order of which was counterbalanced across participants. Vagal tone was measured through heart rate variability to index stress management. Results No difference in vagal tone was observed at baseline between experimental and control conditions. Compared with the control condition, vagal tone was significantly higher during the experimental condition. Conclusions The slow-paced breathing task enhanced stress management to a greater extent than
Introduction
Having an intellectual disability (ID) is associated with high levels of stress (e.g., Forte et al. 2011) . This association can be explained in part by additional difficulties in adaptation and finding everyday situations overdemanding, as well as being socially marginalised (de Bildt et al. 2005) . Moreover, an individual with IDs often use maladaptive coping strategies to cope with stress (Hartley & Maclean 2008) . The stress experienced by individuals with IDs is often transferred to family members and caregivers (e.g., Hassall & Rose 2005) . In the long term, if chronic stress in persons with IDs is not properly addressed, it can lead to serious complications including depression (Hartley & Maclean 2009 ), impaired cognitive functions (Heyman & HauserCram 2015) , physical health problems (Lunsky 2008) and maladaptive coping strategies such as substance abuse (Didden et al. 2009 ). It can also lead to family members and caregivers experiencing depression (Mutkins et al. 2011 ) and burnout (Innstrand et al. 2002) . This experiment aimed to test the effectiveness of slow-paced breathing in alleviating symptoms of stress in a sample of adolescents with IDs.
Most stress management programmes have targeted parents and caregivers rather than persons with IDs themselves (Ciechomski et al. 2001) , and this might be explained by the challenging nature of teaching stress management strategies to persons with IDs. Few studies have targeted the individuals themselves, but those available suggest that programmes designed to reduce stress in the general population might not be particularly effective for individuals with IDs. For instance, an 8-week cardiovascular disease risk reduction intervention was found to be effective in alleviating stress for healthy adults but ineffective for those with IDs (Ewing et al. 2004) . However, a combined assertiveness and problem-solving intervention was found to be effective in reducing subjective stress in adults with IDs (Nezu et al. 1991) . To the best of our knowledge, no published research has investigated the efficacy of a targeted stress management method for alleviating the physiological symptoms of stress in persons with IDs. Slow-paced breathing has been identified as an effective stress management intervention in both adults (e.g., Wells et al. 2012 ) and children (e.g., Uratani et al. 2014) . This intervention technique might also be suited to individuals with IDs given the low cognitive demands of the task.
Vagal tone is a biological process that reflects the activity of the parasympathetic nervous system (Malik 1996) . It is not a stress marker per se, but rather, a marker of resources available to manage stress, emotion and health regulation (Appelhans & Luecken 2006; Thayer et al. 2009 ). Vagal tone can be measured through heart rate variability (HRV) -the change in time intervals between adjacent heartbeats (Malik 1996; Shaffer et al. 2014 ). When we refer to vagal tone, we are referring more specifically to cardiac efferent vagal tone that is measured through HRV. Under stressful conditions, vagal activity drops to enable the system to regulate metabolic output in response to environmental demands (Porges 2007) . However, this response can be counterproductive if it occurs in situations that require a higher level of vagal activity (e.g., during cognitive tasks). In this instance, a lower vagal withdrawal is associated with better stress management and better cognitive performance under stress (Laborde & Raab 2013; Laborde et al. 2014; Laborde et al., 2015a,b) .
According to the resonance frequency model, slow-paced breathing can increase vagal tone (Lehrer 2013) . The mechanisms are based on the coupling between respiration at a specific paceon average 6 cycles per minute (cpm) -and blood pressure, which triggers the resonance properties of the cardiovascular system given its action on the baroreflex. This phase coupling results in improved gas exchange and oxygen saturation, as well as an increase in vagal afferences (Lehrer 2013; Lehrer & Gevirtz 2014) . Most people breathe between 12 and 20 cpm (Tortora & Derrickson 2014; Sherwood 2006) , and this is why structured breathing of 6 cpm is referred to as 'slow'-paced breathing. The term 'paced' means that participants have to follow a pacer regulating their inhalation and exhalation phases, with exhalation lasting slightly longer than inhalation. This is because a prolonged exhalation contributes to larger beat-to-beat heart fluctuations compared with prolonged inhalation, and hence inducing a higher vagal tone (Strauss-Blasche et al. 2000) .
To summarise, slow-paced breathing increases vagal tone (Lehrer 2013; Lehrer & Gevirtz 2014) and has been found to have a positive (alleviating) effect on both the subjective and physiological aspects of stress in non-intellectually disabled adults (Wells et al. 2012 ) and children (Uratani et al. 2014) . However, this technique has not been tested in persons with IDs. The aim of this experiment was to investigate the effects of a single session of slow-paced breathing on the physiological reaction to cognitive stress through vagal tone. We test this method against a standard stress management control condition (i.e., listening to an audiobook). The audiobook was chosen as it often has a calming effect on children and adolescents in comparison to a silence condition (Sunitha Suresh et al. 2015) . Based on findings for slow-paced breathing on vagal tone (Wells et al. 2012; Lehrer 2013; Lehrer & Gevirtz 2014) , we hypothesised that vagal tone would be higher during the cognitive stress task after the slow-paced breathing condition compared with after the audiobook condition. A within-subject design was used as advised for HRV research to reduce inter-individual differences (Quintana & Heathers 2014) . To summarise, we use a within-subject experimental design in which participants attend two testing sessions (slow paced breathing vs. audiobook), with two measurement times for vagal tone (baseline vs. during a cognitive stress task).
Methods

Participants
Sixteen adolescents (14 boys, 2 girls) took part in the experiment (mean age = 17.39 years, range = 15-19 years). Participants had been diagnosed with a diverse range of developmental disabilities (e.g., Down syndrome, Dravet syndrome). No participants were suffering from blood pressure problems, and no participants were taking medicine affecting the cardiovascular system. On the day of the experiment, participants were asked to follow their normal sleep routine, not to eat or drink in the 2 h before the experiment, and not to perform any physical activity the previous 24 h (parents received the instructions to ensure that their children would respond to them). Ethics approval was obtained from a university research ethics committee. All participants were attending the same specialised school. The school gave its agreement to have the study performed at the school, and written informed consent was obtained from the parents of all participants, with participants providing verbal assent.
Cognitive stress task: Kaufman-Assessment Battery of Children
The Kaufman-Assessment Battery of Children was used as a cognitive stress task. The KaufmanAssessment Battery of Children is a standardised test to evaluate cognitive abilities in children (Kaufman & Kaufman 1983; Kaufman et al. 1987) . The full version contains 16 subtests and is suited for an age range between 2.6 and 12.5 years. This test can also be used with people that have an intellectual handicap (Kaufman et al. 1987; Maluck & Melchers 1998) . Because the purpose of the experiment was to induce a stressful situation, we chose three tests that solicited cognitive abilities of participants in an ascending order of difficulty (1, Number Recall; 2, Reading/Decoding; 3, Riddles). A 5-min time limit was also given to complete the task in order to induce additional time pressure (stress). In order for the adolescents to visualise the time limit, a 5-min hourglass was placed in front of participants for the duration of the task.
The subtest Number Recall required the child to repeat, in sequence, a series of numbers presented orally by the examiner. A child's performance on the number recall subtest is influenced by anxiety, attention span, and distractibility (Kaufman et al. 1987) . The subtest Reading/Decoding required the child to identify letters and to read and pronounce words. As an example, the examiner presents a stimulus page with three words, pointed to each word, and asked 'what is the word?'. A child's performance on this subtest may be influenced by his or her alertness to the environment (Kaufman et al. 1987) . The final subtest Riddles required the child to infer the name of a concrete or abstract concept, after having being given its attributes, functions, and other general characteristics. The child's performance on this subtest is influenced by his or her alertness to the environment, attention span, distractibility, concentration, and impulsivity (Kaufman et al. 1987 ).
Slow-paced breathing exercise
The slow-paced breathing exercise was realised with a video showing a little ball moving up and down at the rate of 6 cpm, the participants having to inhale continuously through the nose while the ball was going up, and exhale continuously with pursed lips when the ball was going down. For the purpose of the experiment, a video was realised using the software EZ-AIR PLUS (Tought Technology Ltd.
1 Montreal, Canada), displaying a 3 × 5 min slow-paced breathing exercise, at a respiratory rate of 6 cpm, with a 1-min break between each unit, corresponding to a total of 17 min. Exhalation (5.5 s) was slightly longer than inhalation (4.5 s), because a prolonged exhalation contributes to larger beat-to-beat heart fluctuations compared with relatively prolonged inhalation, and therefore induces a higher vagal tone (Strauss-Blasche et al. 2000).
Audiobook
As an audiobook, we used 'Die Drei Fragezeichen und der Phantomsee -Folge 2' (The 3 Interrogation Marks and the Phantom of the Lake -Episode 2).
The first three tracks of the audiobook were used.
This audiobook is based on a German children book generally recommend from 8 years on, and provides participants with a story about adventure and friendship.
Heart rate variability recording HRV was measured using an eMotion HRV device (Mega Electronics, Kuopio, Finland), with a sampling rate of 1000 Hz. We used two disposable ECG pre-gelled electrodes (Ambu L-00-S/25, Ambu GmbH, Bad Nauheim, Germany). The negative electrode was placed in the right infraclavicular fossa (just below the right clavicle) while the positive electrode was placed on the left side of the chest, below the pectoral muscle in the left anterior axillary line.
From heart rate recordings, we extracted HRV using interbeat interval data that was exported to Kubios software (University of Eastern Finland, Kuopio, Finland). Artefacts were removed using the automatic low filter provided by the Kubios software. We calculated time domain parameters and used the root mean square of the successive differences (RMSSD) as an indicator of vagal tone (Malik 1996) . We decided not to adjust statistically vagal tone for respiratory frequency in our analyses, given this could mask true variations in vagal tone (Denver et al. 2007; Thayer et al. 2011 ).
Procedure
Testing took place at a specialised school for adolescents with IDs in a room they were familiar with. Only the experimenter was present during testing. The same experimenter (third author) performed all testing. The children were familiar with the experimenter who was interning at the school during this time. Participants first received a group instruction session lasting 40 min, explaining the two experimental sessions, in small groups (n = 3-6).
Given the diverse cognitive abilities of the participants, a specific introduction was designed with picture cards, to explain the sequential course of events, as well as the slow-paced breathing technique itself, using pictures and very easy sentences. The picture cards were hanged in the chronological order of the sequence of events. The explanations under the pictures were read together with the participants, and open questions were answered, until all participants understood what they had to do during the experiment. In addition, the slow-paced breathing technique was explained together with an introductory video and was practiced until the participants were able to perform it, in order to ensure they were familiar with the protocols before the experiment. Three weeks after this introductory session, participants completed the first condition. The delay between the introductory session and the first condition was because of organisational issues at the specialised school, where the experimenter had to adapt to the school schedule and availability of facilities. The order of experimental and control conditions was counterbalanced across participants, with a 1-week delay between each condition. The full experimental protocol is depicted in Fig. 1 . Upon arrival, participants were welcomed and were once more provided a description of the sequence of events before electrodes were attached. For the baseline, participants were required to sit with their legs at a 90°a ngle, their hands on their thighs, and their eyes closed. Participants then either listened to the audiobook or completed the slow-paced breathing exercise, each of which lasted a total of 17 min. Participants then undertook the cognitive stress task in front of the 5-min hourglass. The change between the three subtests happened either after the successful completion of the final task of the previous subset or after five unsuccessful repetitions of a task. Immediately after the stress task, electrodes were detached. HRV was measured throughout testing. At each stage of testing, to visualise the sequence of events, participants were allowed to remove from the wall the card representing the event after having completed it. In total, testing lasted approximately 45 min.
Data preparation
We first checked our data for normality and outliers. The RMSSD data did not have a normal distribution. RMSSD data were transformed using log transform as is common in HRV research (e.g., Houtveen et al. 2002) . After checking the slow-paced breathing data for normality, we checked visually with Kubios (HRV analysis software) whether participants correctly performed the 6-cpm breathing technique, and more specifically, we ensured that all participants followed the 4.5-s inhalation/5.5-s exhalation ratio. We found that two participants did not display the sinusoidal usually observed (Lehrer & Gevirtz 2014, Fig. 1 ) in the slow-paced breathing condition, meaning that they did not manage to perform the slow-paced breathing exercise correctly. These participants were therefore excluded from further analyses, and the sample size used for our analysis was n = 14.
Data analysis
To test our main hypothesis, where vagal activity during the cognitive stress task will be higher in the slow-paced breathing condition compared with the audiobook condition, we ran a 2 (condition: slowpaced breathing vs. audiobook) × 2 (time: baseline vs. cognitive stress task) repeated-measures ANOVA, with log10 RMSSD set as the dependent variable.
Results
Means and standard deviations for measured variables across experimental and control conditions are reported in Table 1 .
For vagal tone, a repeated-measures ANOVA indicated no main effect of condition, F(1, 13) = 1.08, p = .319, η 2 = .08, Wilks' λ = 0.92. A main effect of time was found, F(1, 13) = 10.97, p = .006, η 2 = .46, Wilks' λ = 0.54; log10 RMSSD being higher at Time 2 (M = 1.61, SD = 0.06) in comparison with Time 1 (M = 1.50, SD = 0.07). A main interaction effect of condition × time was found, F (1, 13) = 5.91, p = .030, η 2 = .31, Wilks' λ = 0.69. Follow-up t-tests showed that there was no difference at baseline, t(13) = 0.95, p = .360, d = 0.12, but there was a significant difference during the cognitive stress task, t(13) = 2.62, p = .021, d = 0.35. During the cognitive stress task, log10 RMSSD of the slow-paced breathing condition being higher (M = 1.65, SD = 0.24) than log10 RMSSD of the audiobook condition (M = 1.57, SD = 0.23).
Discussion
The aim of this experiment was to investigate whether a single session of slow-paced breathing, in comparison with a passive relaxation condition (listening to an audiobook), would be reflected in a higher vagal activity during a cognitive stress task. Our main hypothesis was supported. Vagal tone did not differ at baseline between the two conditions, but during cognitive stress, vagal tone was higher in the slow-paced breathing condition compared with the audiobook condition. Our findings suggest that slow-paced breathing can enhance vagal tone during stressful conditions in a 564 sample of adolescents with IDs. A higher vagal tone reflects better stress management during high-stress conditions (Laborde & Raab 2013; Laborde et al. 2014; Laborde et al. 2015a Laborde et al. , 2015b . Our findings are in line with previous research that has found slowpaced breathing to be effective in managing stress in child (Uratani et al. 2014 ) and adult samples (Wells et al. 2012) . As far as we are aware, this is the first study to explore slow-paced breathing as a method of reducing physiological stress symptoms in a sample of persons with IDs. Assuming these findings can be replicated through further independent research trials, there might be considerable practical value attached to our findings. The slow-paced breathing exercise can be learned and applied with relative ease, and is therefore suited to a variety of environments (home and school). Future research might explore whether there are additional benefits (such as the reduction of stress in caregivers and parents) and whether slow-paced breathing might be incorporated into multimodal interventions targeting stress reduction through other means. The findings of this investigation are encouraging. However, there are a number of potential shortcomings that researchers must keep in mind when interpreting study findings. First, the most obvious limitation is the small sample size, meaning statistical power for the study is low and therefore we cannot discount the possibility that significant findings reflect a Type 1 error. The small sample size also means that more complex analytical techniques that have better error variance control (e.g., growth modelling) could not be performed on the data. Second, the sample was predominantly adolescent boys (plus two girls), and findings cannot be generalised beyond this population. Third, two participants were also unable to correctly complete the slow-paced breathing exercise during the experimental session. Further research is required to identify the optimal number of sessions needed to learn the breathing technique in adolescents with IDs. In other populations, it has been found that three sessions are often required to become familiar with the exercise (Vaschillo et al. 2006) . The use of a biofeedback system might also facilitate the learning process, as the person can directly visualise the effects of slow-paced breathing on heart rate variability (Lehrer & Gevirtz 2014) .
A fourth limitation is that we did not record any performance markers for the stress task (e.g., the number of attempts, and/or the time taken to complete each section), meaning we are unable to determine individual differences in the relative difficulty of the task between participants. Fifth, we did not use any subjective measure of stress, given it is usually hard for participants with an ID to complete self-report measures. This is compensated in our study by the objective assessment of stress regulation through vagal activity. However, what we assessed in this study reflects the physiological resources available to manage stress and not the subjective state of being stressed. Sixth, because of organisational issues at the specialised school, there was a 3-week delay between the introductory session on slow-paced breathing and the first testing session, and this might have contributed to some participants having difficulty remembering how to perform the breathing task. Nevertheless, at the beginning of the slow-paced breathing condition, the participants were reminded how to perform it, and all participants followed the 4.5-s inhalation/5.5-s exhalation ratio. A final limitation of this experiment is that we targeted only shortterm effects of slow-paced breathing. Research in non-intellectually disabled adults has demonstrated important long-term effects through regular practice (Hassett et al. 2007; Karavidas et al. 2007) , and further research is required to identify potential long-term adaptation effects in persons with IDs.
Conclusion
This experiment aimed to compare the effects of slow-paced breathing and audiobook listening on stress management (measured through vagal tone) during a cognitive stress task in adolescents with IDs. We found that a single session of slow-paced breathing (preceded by an introduction session to slow paced breathing) was able to enhance vagal tone under cognitive stress to a greater degree than listening to an audiobook. This initial finding is promising, and the technique has potential applied value for a variety of settings (e.g., in school, at home). The main advantage of slow-paced breathing is that it is a brief intervention that can be implemented with relative ease and little training by caregiving professionals or family members. We encourage further research into the potential short-term and long-term benefits accompanying slow-paced breathing exercises in persons with intellectual disabilities.
